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"The RoHS European Directive

!

2002/95/EC
L egal Scope

RoHS — Restriction of the use of certain Hazardous
Substances

@ Lead (0,1%)

® Mercury (0,1%)

@ Hexavalent Chromium (0,1%)

@ PBB - polybrominated biphenyl- (0,1%)

@ PBDE - polybrominated diphenyl ether (0,1%)
@ Cadmium (0,01%)

On force since 1st July 2006 requiring that new electrical
equipment put on the market from this date does not
contain any of the above six banned substances -

@roducer responsability
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The RoHS Directive Implementation

In Europe

& RoHS in force since 1st July 2006 in Europe

& Activities beyond RoHS implementation

- Studies carried out on behalf of EC

- POHS Directive - Norway

S
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~_The RoHS Directive

Activities beyond RoHS implementation

Studies carried out on behalf of EC on Technical revisions of ROHS Scop
DG Environment

Title: “Technical adaptation under Directive 2002/95/EC (RoHS) — Investigation of
Exemptions”
Author: ERA Technology (UK)
Date: December 2004
Scope: Technical review of 3 of the applications listed in Item 10 of ROHS Annex
of requests for exemptions from industry.

Title: “Adaptation to Scientific and Technical progress under Directive 2002/95/E(

Author: OKO —Institut and Fraunhofer 1ZM (DE)

Date: July 2006

Scope: Evaluation of requests for exemptions from industry accordingly with
Article 5 (1)(b) of the Directive. This study looks at 88 requests.

S
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__The RoHS Directive

Activities beyond RoHS implementation _ .
Studies carried out on behalf of EC on Technical revisions of ROHS Scope

DG Environment

Title: “Adaptation to scientific and Technical Progress under Directive 2002/95/EC
-Evaluation of Exemptions ”
Author: OKO —Institut and Fraunhofer 1ZM (DE)
Date: 22 October 2007
Scope: Evaluation of requests for exemptions from industry accordingly with the
requirements listed in Article 5 (1)(b) of the Directive.
This study looks at 34 requests.

Title: “Adaptation to scientific and Technical Progress under Directive 2002/95/EC
-Review of existing exemptions and evaluation of new requests for exemptic
Author: OKO —Institut and Fraunhofer 1ZM (DE)
Date: 30 October 2007; Issue date: October 2008
Scope: Evaluation of 29 applications of lead, mercury, cadmium and hexavalent ¢
currently in the list of exemptions in ROHS Annex. Exemptions should be
every four years or 4 years after being added to the list.

Reports available at:
@ http://ec.europe.eu/environment/waste/studies_rohsl
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__The RoHS Directive

!

Activities beyond RoHS implementation

& PoHS — Prohibition on certain hazardous substances in
consumer products

- The Norwegian Pollution Control Authority issued in 2007 a draft
for a new chapter on Prohibition of certain hazardous

Substances in consumer products (PoHS) in regulations related
with restrictions on manufacture, import, export, sale and use

of chemicals.

- Larger scope than RoHS and applies not only to EEE but to all
goods defined as “consumer”.

- Bans more than 18 substances (e.g. Arsenic, TBBPA, HBCDD
(brominated flame retardants))

- Maximum admissible concentration values are also more
restrictable than RoHS (e.g. 0,010% for lead and cadmium).

@- Norway wants to encourage EU to take similar steps.



__The RoHS Directive
US Status on RoHS

& California

-Adopted EU's RoHS Directive for the 1st time in 2003 together with the
Electronic Waste Reycling Act related with the producer responsability requiretl
along the lines of the EU's WEEE Directive (2002/96/EC);

- Implementation on 1st January of 2007;

-Currently applied to Video Display Devices and will apply to lighting equipment

- California RoHS narrower in scope than EU Directive once is only limited to
“covered electronic devices”;

-Restricts lead, mercury, cadmium and hexavalent chromium but not restricts tf
use of any brominated flame retardants in “covered electronic devices”.

S
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__The RoHS Directive

US Status on RoHS
& New Jersey

-Adopted e-waste on January 2008;

-New Jersey RoHS scope is applicable to a larger group of products than
California
like computers, monitors and televisions ;

-Will get into force in 2010 the Prohibition of sell or offer for sale any new
covered elecronic device unless those products comply with EU RoHS
Directive 2002/95/EC,;

-Dynamic updates with EU revisions

& Other states — Minnesota
- e-waste engagement since September 2007;
- From September 2008 is requested to include a statement on allowed

@s acc. RoHS but not restricts the use of any substances.



Current Status

(i

(i

RoHS implementation in force since July 2006

Supply Chain issues e.g. Testing Methods not
fully resolved in Europe (IEC 62321)

Concerns remain over reliability in affected
sectors

Improved materials technologies still evolving

On-going environmental pressures — REACH,
EuP

Extent of ROHS scope (Report October 2008)
Transition to exempt sectors until 72010
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d RoHS oriented SME European Research Projects
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Lead-free soldering R&D Overview (2000-2007)

0 INNOLOT
» Harsh environment solders
d COST531
» Solder Alloy Properties Database
Q IMECAT
» Assembly, Reliability
Od LEADFREE
» Reliability, SME Demonstration
O PROTIN (in cooperation JEITA, INEMI, Soldertec)
» Tin whiskers
Q EFSOT
@ » Assembly, Environmental



Lead-free soldering R&D Overview (2000-2007)

Q iNEMI
» Assembly, Tin whiskers

O JG-PP/JCAA Lead-free Solder Project,

» Defence/aerospace assembly, reliability

Q IPCSPVC
» SAC alloy composition

U  SME RoHS Support — GREENROSE, LFS-for-
SME’s, LEADOUT

» Guidelines, Procedures, life cycle
@ assessment, hand soldering, defects



making' connections

=N

ELFNET - European Lead-Free Soldering Network

“To urgently coordinate, integrate and optimise
the critical mass of European research in lead-free soldering;
providing pan-European support for implementation of the RoHS Directive¢

T,
8




c3pP

Center for Pollution
Prevention Program

ELFNET roadmaps ...Solutions R&D Gaps

Thesmal simudation

Stress Modeling
FMEA
Design for Reliability

Fredictive falure models

Future-proofing for WEEE,

i KALl: Modelling & Design fo+————
s - g ‘} B Design nules: Chip & Board

RoHE, EuP

Materiak for chemical,
biomass, liguids

Materials & processes for
ultra-harsh environments

KAE: Environment
Maztching

KAT: Sustainability &
Economics

Long-tarm wear
Cost-down procasses

Life-cycle analysis

Materials for rapid disassembi
Mews recowery techinologies
A, BifSH in refining &
incineraticn

Hip-chip
pisted pasce | D8t for speche technologies

Pew selection technologies. for
AuAgPd recoveny

Test method standandisation
cceleration factors
Long-term reliability

ageing [, 1@ KAG: Testing & Reliability |5
Intermetallics
Tin whiskers

Laser soldering
WVapour phase scldering
Microstencil dewelopment
Jeiting & dispersing
Erergy efficent/low
temperature wave reflow

equipment

Hand scldering
Mixad assembly

Haterogenacus assembly

—[ KEAS: Eguipment & Process

{-KM: Substrate Marching

Harmonised standards

MNew methodologies
Fersomnel trining
EnZn
Bi-containing
Lowe-gilver SAC alloys
SAC+ alloys
Composites

.

High temperature solders -
Int=rmetallics grewth comtral A
Materials property databases Y
Thermally resistant lami:

| Finishes: New plating

technologies

Wisble canductive adhesies
Urdarfil tachmslogies “-..‘
Epcodes » Y
New UBM desigrs *

1

Eco-friendly cleaning solutions .l
I

]

)

Hext generation solders

. New inks

Nanu;&h Materials
Big-conductive materials
Nano-kend lines

New deposition technalogies “
Modeling & predictive failure ;_.-—:f
Manoparticles in conductive adheshged

Manoparticles and grain - =
refiners im solders

Effect of cooling rate

Caramics development
Thermoplstics metalization

Elecironics Inferconnection.mmap - 21/082004 -



ELFNET roadmaps ...Solutions R&D Gaps

3 Solders TEG

Components TEG *  Assembly TEG
- Reliability: _  Whiskers — Reliability data
- Temp Effects — Obsolescence — Stability of Materials
- Cost — High Temp Applications: — Materials declaration
« Heterogeneous - Intermetalics (IMC's) * Snwhiskers
assembly . Repair
« Hand soldering capability.

Recycling TEG
— Labelling

— Eco vs Dis assy
— Green markings

* Re-usable parts,

* Test standards

* Mixed Solder
assemblies

Reliability TEG
— Test methods

— Modelling
— Harsh environments

* materials declaration,

* mixed materials assembly
* recycled reused parts

« alloys properties

* Hand soldering

¢« Complex boards.



“Removal of Hazardous Substances in Electronics: Processes and Techniques f

Deliverables:

- Priority Hazards in Electronics Report
- Substitution of Priority Hazards

- Guidelines and check lists for ROHS Implementation
- Pilot line for SME application

HORIZONTAL ACTIVITIES
Detailed information available at:

o mw.gmmuminfn
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Silizi

HH
Fraunhofer | .. .
Siliziumtechnologie

Movie

(silent)

Product ==
Specifications

Services

Life LEADFREE Training Line
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d LEADOUT Project — Overview & Final Results
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‘EADOUT

Low Cost Lead-Free Soldering Technology to Improve

Competitiveness of European SME
e
—mn 4
o7

29 Partners
9 European countries

10 Industrial
Associations [
15 SME Collective Research
4 RTDs e
w : HORIZONTAL ACTIVITIES

INVOLVING SMEs

! o v
3 "
L "_‘:-I e |
E R i .
F 3 5 -
. | -
LY -

Duration: 36 months (Sept 2004-Sept 2007) =

S
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__Project Background

& Motivation

Hazardous Products - RoHS (2002/95/EC) 1st July

RECENT EUROPEAN DIRECTIVES
Electronic Equipment End of Life - WEEE (2002/96/EC) l

!

K
)

\

d SME LACK OF KNOWLEDGE AND LOW
LEVEL OF LFS IMPLEMENTATION

d LACK OF RESEARCH WORK REGARDING
LOW SCALE PRODUCTION (SMALL SERIES)

d EUROPEAN BENCHMARKING OF LFS
PROCESS

S




Strategic Objectives

d Development/implementation of low cost lead-free
soldering processes to support SMEs in meet the
EU directives

d Establishment of process quality standards,
reduction of defect rates, improve reliability and
therefore competitiveness

d Improve Health and Safety awareness and pollution
prevention

I~y
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The Project

LEADOUT consisted of:

O 6 inter-linked work-packages
O 29 partners (9 countries)

O 28 separate tasks

O 39 separate deliverables

d The Directive is in force, electronics assemblers are now In
compliance

s
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Main Public Project Deliverables

o

SME Lead-Free Soldering Technology
Implementation Recommendation Guide

Photolibrary Inspection Guide
Environmental Impact Guide

Training Lead-Free Course

U O 0O O

Lead-Free Process Benchmarking Programme

S
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Activities & Results

Communication — Awareness and Dissemination
Soldering & Reliability Assessment
Health & Safety and Environmental Evaluation

Training

a H» L D E

Process Benchmarking

S



1. Communication

Objectives

Activities Carried Out

S



1. Communication E8

c3pP

Center for Pollution
Prevention Program

Information Exchange

3 Site de Projectos - ISQ - Dir. de Formagao - Microsoft Internet Explorer provided by ISQ

Fle Edt View Favortes Toos Help

Qv - © - [¥] [@ G| Psor Jgraomes @ 2-12 - JE@E Q

Address |&] httpi]fwww Jsadoutpraject comjmain_hjindex.aspip=9

Google - O[O serh - | §F REP Drobioded | % chock Aok~ ] Auioril [ options

@ Y- 2| v|sacwen- O B @ @ vl - @y vahool ~ Elanswers v gacames + Dwuse « [impwebe @ personds » fsonin -

marking

About this Project

The electranics industry in Europe is abaut to experience ane of the biggest single changes since it started, The Restriction of the use of certain of Hazardous
Substances (Rons) Direative, dus ta be effective n July 2006, uil men that many parts af the Industry wil have to change from tinflead salder used to jain the
lectranic components to the printed circuit boards (PCE) to a lead-free solder (LFS}

Due to thess restrictions, it is quite important to make aware and prepare SHEs for the replacement of the existing soldsring technology by other using LFS

4

Mid-Term General Assembly
TWI, Cambridge, 17 March 2008

LEADOUT, LowCost Lead-Free Soldering o Improve the of Furopean SMEs , is one of the largest European funded Projects, on
Isad froe tachnslogies under the scope of Sth Framework SME oriented activites. It = @ e year project and the consortur, comprising 31 partners from 10
European Cauntries, (11 Industrial Associations, 16 SME's and 4 Research Institutes), had its kick-off meeting in October 2!

The main objective of the project is to provide technical suppart to a wide range of SMEs spread all aver Europe in the development of technolegical salutions for the
problems resulting from the replacement of tin-lead solders in the electronics industry. The project also covers enviranmental impact and life cycle evaluation as well as
lead free process benchmarking.

Coordinators:

150 - Instituto de Soldadura e Qualidade (Portugal)
Wrs. Margarida Pinto - mmpinto@isq.pt

TWI ( United Kingdom
Dr. Simon Mason - simon.msson@twi.co.uk

&

NEWS:

¢ After RoHS - Workshop & Table-Top

Setn Outsber, Livingston, Sostlsnd

* SMART Group /LEADOUT - A

SPECIAL EVENT

7th Novernber 2006, Wycormbe FC
Confersnce Centre.

¢ Lead-Free Defect Guide
Now Available for Download

Project funded by
the European Commission.

Project Contacts:
15Q-Instituto de Soldadura o Qualidads.
Fax:351-214229018

mmpinto@isa pt

Wi, L

Dr. Simon Mason

Telf: 44 (0} 1223 891 162

Faxi44 (0) 1223 992 509

simon mason@twi.co.uk

Links >

&] Dere.

© Intemet

Site Languages: English,

ol [0
T
|

anish, German, Hungarian, Portuguese, Italian

AT,
L

PROJECT Web Site

WWW.LEADOUTPROJECT.COM

Favories Tools  Hel

@m‘ @ H B ] Lo Foreenes @

arsmonth dayshours min sec
to go...

Usefull Links

Wie irvite il project parthers ar website Visitors fo share links you may find interesting cancerning this praject.

slint
brcpi// o surepeanisadFree.net

WEC - Elirgpe
it/ . WB-eU rape-camy/erV products/lesd freeproducts:htm]
g

MINATUSE - micro-nane technelogy use by SMEs.
ttp:// . minstise. aeg

50 - Insitute de Seldsdurs s Qualidade
hitp//wwaisa ot

Fundacion INASMET
bt/ wiew, nasmet.es

=~ [—
hitp:,

s yitrapics-saltsc com

SHART Group
httpy/wirw. Smartgroup:arg

&lane

® mimec



1. Communicatiogy

Information Exchange

Q1: Lead-free Legislative Awareness

8%

LFS IMPLEMENTATION SURVEY
LOUT/TWI/DEL-14

92%

OYes HENo

Q5A: Material Selection & Specification
T T

Alternatives: High Temp. App.

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
Materials Labelling |
|
|
|
|
|
|
|
|

Materials Familiarity |

Comjonents Availabilty

Detailed information on D1.1.3 report
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Project Newsletters

ADOUT TWI
e vt - e 4

der KMUSs in Europa

Collective Research Projekt im 6. Fo ogramm der hen Union

NEWSLETTER®

Ausgabe 1 Juli 2005

Inhaltsiibersicht

Vorwort

Woftir steht RoHS und WEEE?

Das ewropaische Collec esearch - Projekt LEADOUT
der Richtlini: Recht

in
Situation bel Elektro- und Elektronikaltgesaten in der 1 und der BRD
Veranstaltungen ! meetings

Intemetadressen | links

0T G-

Vorwort

Die Elsktronikindustie in Furopa st seit Beginn jhrer Entstehing im Begrifi sine der
weitreichendsten Reglementierungeh durch den Ellfopdischen Gesetzgebel zu stisbien.

Am 13, Februar 2008 habsn Europfisches Parlament tnd Rat zwel Richiinier verabschiedet
(WEEE und RoHS), welthe die Vemantwortungsbereiche der Herstsller und Imporieure von
elekironischen Produkten bedeutend enwestern.

Die Richtlinie zur Einschrankung des Einsatzes bestimmier Schadstoffe (ReHS), die am 1. Jull
2006 in Kraft witt, wird bedeuten, dass viele Sparten der Industrie bei dem beim Fagen und der
Bestiekung von Leiterplatten mit Elsk v bisher 1 Zinnv/Bleilote auf bleifreie
Lota umstellon midssen. Diese Umsteliung erferdert eme Restruktunerung der entschetdenden
aufemander abgestmmten Prozesse im Untemehmen und der gesamien Lisferkette, stellt jedoch
nur einan Teil der Gesamitproblematik dar Zum einen sind (ber die Halfte der Bauaie, die sich
derzail im Prozelh der Zulieferkette befinden, (noch) nicht nehifimenkonform (d h. noeh mit hohen
Blejantsilen hergestelll), zum anderen ist zu beachien, dass Baulelle, die im Bielrel-Prozess
verarbeitet Warden sollgn, auch fir dort hthere Temperaturen gesignet sein missen als bisher

Im Heflow-Lét-bereich geht die Hauptendaenz zur Anwendung von Zinn-Silber-Kupfer-Loten mit
einem Schmelzpunkt von 217 *C. I Wellenlgtbereich gibt es Zinn-Kupfer-Legisrungen, deren
Schmelzpunkt 10 *C hoher ist, wodurch die Prozessfenster be: den bisifreien Lotprozessan kleiner
als bisher Ublich werden miit den sich daraus ergebenden gesteigerten Planungsanforderungen

Wofur steht RoHS und WEEE?

RallS ist die Abktirzung fir die

«  RICHTLINIE 2002 G DES EUROPAISCHEN PARLAMENTS UND DES RATES zur
Beschrankung der Verwendung bestimmiter gefahrlicher Stoffe in elektrischen und
slektronischen Geraten = Diractive on {he Restriction of the Use of Cerain Hazardous
Substances in Eleclrical and Electronic Equipment.

1 DVS

ADOUT

Low-Cost Lead-Frea Soldering
Technology to Improve the
Competitiveness of European SMEs

TWI
iy

Collective Research Project In the 61h Outiine Rsearch Programme of the European Union

NEWSLETTER®

Issue 2 / Maich 2006

Overview of Contents

Opening Note: 1% Year LEADOUT Review

Status on Lead Free T ion in the Ey
Industrial Sectar

©On going European investigation on Lead Free Technoloay
LEADOUT Environmental Orientation

The LEADOUT Project Benchmarking

Project Dissemination

Evants 2006

Links and References

=9

SppNnun

Opening Note: 1" Year LEADOUT Review

There are less fhan five months to go before the implementation of the RoHS (Restriciion of the Use
of Ceriain Hazardous Substances In Eiecirical and Electionic Equipment) Direclive across the
Edropean Community. From 1 July 2006 all electijcal and elecironic prodiicts pt onta the market in
Efrope will have lo camply with this legisiation. The single biygest effect of the directive will be o
autlaw the use of lead-based solders for all assemblies with only a few excepfions.

Most large manufacturers have been planning and preparing for this change for some time,
however many SMES-acress Europe are only now beginning to gear up to thé chalienge of the next
few maniths

A recent Leadoul survey showed fhat SMEs across Europe know abiout the legisfation and its
impact, but kaven't yel adargssed how they will implefient changes to theif piocedures o bring
them into compliance.

Key issues
The ¢hange 1o lsad-free assembling gives rise @ number of challehges, fiese Include

Materials selection and campaliiiity

Processing and equipment capatiiity

Manufaciuring yields and throughpuit

Functional performance

Estabiishment of reliability performance and basglines
Health and safety.

The key change In going from leaded to jeac-free soldering and central theme: through all these
issues s that of complexity. The vast majanity of mar rars and have

had to deal with tinlead alloys as the deminant materials for peb finishes. companant Tinishes and
solders. Variations In perfermance could be traced lo-assembly and processing procedures and
how close (or far) the prodict had been to an oplimum manufactunng cycle:

1 m
ama




Benchmarking of the Soldering Process - PPM Study and Defects

Ol it e B LA e e e i T
Free soldening process. in order to uprove the Eurcpean competiveness of the electrical and
oot i . ety SMIES

Based. on the UK project staried by SMART

- - Group, the Parts Per Millon (PPM)
i Opportunities, alio known a5 Defects Per
o s Million Opportunities (DPMO) is a method
- E 1o measire the amout of defects occuming on
. 2 Printed Circut Board (PCB}

The LEADOUT Research Instifures partners are assisting the SME companies on how to collect
comparable data on their ovn manfacturing proessses. The data is collected in each ,mge of the
Eests (riing, Fladioent, Befow snd Wevel The el da ' beie gullerel gl
caia by e Ricatch it 1. give averal figce b e PEM levels Cunencly b
achieved using leaded. magy\_ ‘and how those levels change during and afer the conversion to

‘benchmarking programme is limited to the essemblers within the Prject. m in
total. who are cumently sing Lead soldering. All the results are available and are be
and updated, each month, n the Project Website: wnw leadoutprojeet com

The types of defeets that aceur are available at the “Defect of
the Month” at the project website.

Exery month e available for information a new kind of
defect, presenting its main characteristics and naure, allowing
3 brief kmowledge of the defects that oceur in the soldering
process.

Conmtesy of M. Bob Williz

The LEADOUT Project Benchuarking is now open to esternal mmpsmes Thereﬁme we are
pleased to welcorse niew companies fo be involved i the LEADOUT benchmarkanz

SO i gy 1 i b5, hesi koo e it o e PR o
the LEADOUT Project:

M. Rolim Carmo
rdcamoaisg

Please be aware that the reliabiliry of this study increases with the munber of participants,
Offering bensfits to all the compamies involved in it The data provided is completely confidential

Do ot orget tovisitus at: s Ieadoutpraject com

© Copyrigin LEADOUT Consorium 2005
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Center for Pollution
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Project Publications

LEADOUT on the Road

Lead-free Soldering Trials - Soldering Results

I e wok packags of “Lead-fres Teclmology Industiz] Implementstion” (WP3) of the LEADOUT

Buoject, zoldering fuils were performed st industrial ste: by the RTD and the SME= of the zame

‘sowatry in crder to have  close coniact sad to wmprove the wansfer of the kuow-how of the RTD.

Three circuits were selected by BME, the Budapest University of Technology and Economics in

collaboration with SZEM and Elszetion Lid’s (the Hungarizn RTD and SMEs, respectively) for
both laaded and

BME's LEADOUT board, see in the fizwe
oz e loft md fwo fequently
mssufschued bouds of the SME: ware
Sbricated 2t each site wsing the leaded

by alecmical tests 2 well a: optieal
fopection, and sslibility tet wes

Qulity erststion of seder s e coried ot 3 e o of &ffret opects e sppied
The activi 4

v of BME
s stratagy based on optical inspec; s
- st s shear force tests ;
- ot effect of stencil d qual paste printing
precansan s gl of o sl den s
[ ook ve bt

Scldring il resbed i the i sl ot v iz trpersos prle i Sgr)
i, e lead i soldred o, e ens, many e speally f the small (0402)
»: from the bomd, the ire).

I was fowd that the self-alining propery of e sldeng
lead fiee soldering is much better than it was
mportad by some tchnies] papes. The hgher
wface tenvion md lower wettabikity of lesd-free
oldsrs even halp to puhs the componest into the
<omct position, 32 it i illustated m the figue

sight When the solder paste mels. at fist it
Jorms 2 liquid bump on the pad undsr the ferminal,
e bump lift the end of e companest and i
lids tonvards tha comect position

D ot forget o visit us 3t s lesdougimiectsam.

©Copyright LEADOUT Consortum 2005

Impact of 14 on

workers' Health,

Diffarent industries have for saveral years been subject to increasing legislativa
requiremants towards the devalopmant of “Cleaming Technelogies". This is the Situstion
of slactric and slsctronic industriss and the imparative implementstion of laad-fras
the European Directive 2002/35/EC
ead, mercury, hexavalent chromium, cadmium an
athers will be banned from next July 2006,

ahhough the main oblective of he LEAOUT prejec s to provide echnica support to the

European slectric and electronic SMEs during the ramoval and cha ead from tha
tinflead solder usad to join elactronic cnmpunans e he BB, the principal ressans of
this project should be taken into account

+ The importance of the potential enviranmental impact (the lead wast from

and the disposal of lead containing electronic

equipments at the end-of-ife could contaminate the lsndflls and
cubsaquantly, the Environment) and,

The relevance of the social issues (it is mandatory the maintenance and
presarvation of the invelved soldaring pracess warker’s healt

Removal of this seurce of contamination will have, therfors, 2 considerable positive

Naurenal and Periphersl Neurcnal Systame. Alzs anaemia and Renal and Cardiovazeular
problems can be producsd,

Athough, the uze of lesd in the slectonic industy seems to be minimal, the

ortamination. potentil for lasd exposure during soldening processes through the
Irhaiaton of ead vapours 3 the reason to perform generated emlssions measurements,
The aim is, tharsfors, to determins the emissions of hazardous substances susceptible of
to be inhalated by the workers at the assembling companies that use tin-lead alloys and,
after this, to make a comparison to the emissions from the industries that use lead-fras
selders.

With thiz sim and within the framework of the LEADOUT preject, ssveral messurements

have been carried out. These enterprises usad untl now, tin-lead based pastes and
solders. Ones lead free processes (mainly wave and reflow) ars implamented and running
at the optimal conditions, measurements of amissions using lead-free solders will ba

donz.

Ressarch Cantres particpatng i thiz LEADOUT reject are in cloze contact with difrens
SMEs participating in the project and m:

day. For this purpose, Zaraling pumps (see 9
close to the braathing zone. The usual activity and
Seltering facity are allovad by the pump that gate samples of ehe brasthed air by
vierkars during the several kasks that they are making.

© Copywight LEADOUT Consoriium 1005

et

Solder Joint Inspection — The Photolibrary

One of the key outputs from LEADOUT is a searchable phato-inspection ibrary of solder
joint images, taken during assembly and reliability trials carmied out in the project. The
photolibrary will be of particular use to company inspection and quality staff as a source
of reference, training and technical material. Importantiy. the images have associated
ot information such 25 he oder aloy. assembly meliod, companertjoin! type, p:
board finish and where available, companent finish. This ex allows the iibrar
be searchable, 5o that users can specify material and process Comtinalons an \nca‘e
the relevant pictures. In addition, because the assembly trials were designed to
manufacture products with both lead-free and tinflead Solder, users of the library are aiso
able to directly compare siniiar joints made with the difierent alloys under similar
magnification and lighting conditions. Soldering defects will also be included, and where
possible, reliabilty data related 0 the joinis in the images will be stated Below are
‘examples of photolibrary content

4 30T package with a tn termination
‘firish. rafiowsd with SAO alloy onfo an
immersion fin pco

A SOT package with a invlead termination
finish. reflowed wih frviead aloy onta
tinead HASL oo

A laded device wilh triead plated leads

ADPAKpackage wavecodered i
elmppacal oy ok 4 O o wave soldered wih incopperince! aloy

i an immersion goldsleciraless nicke!
peb

‘The photolibrary images will start to become available later this year via the Leadout
website at: www.Jeadoutpraject.com

@ Copyright LEADOUT Consorium 2005
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Lead-free Assembly Course — Conventional and Virtual Training Course for SMEs

One of the main deliverables of the LEADOUT Project is the production of training courses
covering the different technical aspects of the lead-fee soldering process focused on SMEs
requirements. It was developed fwo formats of traming cowrses, comventional based on
PowerPamt Presentauicns and oue other, applied for e Jearming using the LEADOUT website and
an e-learning platfomn for on-line traimng

he specifc objecties of the Lesd fie.Azcebly pira 41 0 gioe:an slequae irinng in
with & particular focus on lesd-
free techmology. The two modules formats will allow e S ko st th adequate
training model to be used in-house accordingly with staff availability and thus offering & more
flexible training aceordingly with their requireent

The tuget groups for the maining modules developed are mainly concemed with production

engineers and operators

The Loadfree Assembly Course contains 5

independent Modules:

Module 1 - Solder paste printing and
handling

stencil

Module 2 - Inspection of lead-free joints
Module 3 - Lead.free plating finishes
Module 4 - Hand scldenng and rewerk
Module £ - Reflow and wave soldering
and temperanure profiling

Edearning Formar
In the clesming course af the eud of xch g Puemer s
lesson there 15 an assessment questiouaire. - P
‘For an user to continue to the following lesson

a defined score has to be reached otherwise the

ser has to sepeat the lesson. This muzimum
score 15 not always the same nor durecdly

dependent of the muber and tpe of
questions. At the eJeaming platfor 15 als0
available a course report 1 which a user can
casily check his progress on the cowse and
achieved results.

Convenional Format

1F you are nterested 1 further information or you have any question about the LEADOUT
Trining Courses, do not hesitate to contact Marts Freitas at maffeitas 415 ot

For firtber wformation about the LEADOUT project please visit the website af
ruw leadouproject com

& Copyright LEADOUT Consorsium 2606



B I. Communication

Project Seminars
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__2. Soldering & Reliability

Assessment

Objectives

Activities Carried Out

S



~ Soldering Trials

@ 8 companies contributed with real
products

@ Commercial Soldersand Pastes:
635Sn/37Pb
60Sn/40Pb
625n/36Pb/2AQ

Lead-freec  Sn/Cu/Ni(SN100C)
96.65n/3Ag/0.5Cu
95.55n/3.8Ag/0.7Cu
Sn/Ag/Cu/Bi (SACX)

(s



Soldering Trials

AT S AL P

Soldering Processes. Assembly Type:

Reflow SM D — Surface Mount Devices
Wave Through-hole

Hand Temperatures:

250°C (Wave, Lead)
255 — 270°C (Wave, L ead-free)

(s
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2. Soldering & Reliability Assessment

Reliability Testing




Reliability Tests Data

@ Low temperature storage (72h; -40°C)
@ High temperature storage (7 e 28 days; 100°C)
@ Thermal cycling (3000 e 6000n; 0 — 100°C)

@ Thermal shock (5 cycles; (-40) — 100°C)

@ Vibration (30 min on x, y and z)
@ Shear test (10s, 10N)

S



!

Reliability Tests-Some results

Visual inspection
After reliability testing:

& Low temperature storage
33% Sn/Pb and 0% of the LF boards did not pass the
functional tests
No visible defects

@ High temperature storage
50% Sn/Pb and 27% of the LF boards did not pass the
functional tests
Component failure

S



Reliability Tests-some results

@ Thermal cycling

59% Sn/Pb and 49% of the LF boards did not pass
the functional tests

'3
-
R
-

Component failure - E
M M‘ %NW/ ._

Crackson thejoints !*
-, 1

Damaged components

Degradation

S




Reliability Tests-Some results

@ Thermal shock
0% Sn/Pb and 11% of the LF boards did not passthe
functional tests
No visible defects

@ Vibration
All boards passed the functional tests
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2. Soldering & Reliability Assessment

“Reliability Testing -Conclusions

sLead-free solders performed equal or
better than tin-lead alloys.

*The reliability of surface mount joints
exceeded that of through-hole joints.

 Visual inspection remained an
adequate indicator of solder joint
quality.

Lead-Free TS 2
Lead-Free TC2 1

5 Lead-Free TC1 4

a
13
3

=
b

o
]

Solder Alloy, Test Group

Lead-Free TC1 3
Lead-Free TC1 2
Lead-Free H2 2
Lead-Free L 1
Tin/Lead TS 2
Tin/Lead TC2 1
Tin/Lead TC1 4
Tin/Lead TC1 3
Tin/Lead TC1 2
Tin/Lead H2 2
Tin/Lead L 1

Shear Loads to Failure for Miniled Assemblies

0

2000 4000 6000 8000 10000
Shear Load (g)

12000

14000

16000
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2. Soldering & Reliability Assessment

Industrial Boards Characterisation

SE.0044.0 S1-I6 TC C

In general the Lead-free joints showed
good performance on the reliability tests
carried out.

The surface mount joints are less degraded
than the through-hole ones for majority of
th ts



Inspection Photolibrary

@ Database of solder
joint images that allows

the comparison between

Mew searc h
Lead and Lead-free

- Solder Alloy: SAC - Tin/3.0-4.0%Silver/0.5-1.0%Copper

- Component Type: Through-hole Leaded Device

- PCB Finish: Lead-free Hot Air Solder Levelled using SM100CL
m q S - Component Termination Finish: Unknown

@ Resulted from the
Industrial results obtained
by the partners

- Criteria: Acc

eptable

Lead Free
Photo 1; Topside

S




__2.Soldering & Reliability Assessment EN G

!

Photolibrary

1. Searchable inspection guide showing acceptable lead-free solder
joints with material, geometry and process information

» Comparative tin/lead images are also available with similar
magnification, angle, lighting etc.

» Currently approx. 220 images
2. Soldering defects

3. Miscellaneous

» Currently approx. 220 images

S



2. Soldering & Reliability Assessment _
Photolibrary

 Searchable by:
» Type of paste

> Process

» Type of component
»Board coating
»Component plating

d Acessable through: www.leadoutproject.com

S
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~ 2. Soldering & Reliability Assessment

Prevention Program

Photolibrar

Photo Library

Assembly Process: | - Select choice ~ v

Solder Alloy: | - Select choice — v

Component Type: | - Select choics — -

PCB Finish: | - Select choice ~ v]

Component Termination Finish: | - Select choice - v
Criteria: | - Select choics - Partnership 2 t Administ 9 Training  Benchmarking Legislation Ho

Description: | |

Photo Library

New search
[ user manual ] - Assembly Process: Hand Soldering

- Solder Alloy: Tin/Lead, 63/37 or 60/40

- Component Type: Through-hole Leaded Device:
- PCB Finish: Tin/Lead Hot Air Solder Levelled

- Component Termination Finish: Unknown

- Criteria: Acceptable

Lead Free Lead
Photo 4 Photo 4

[ user manual ]

Dane

Sane € Internet FA00% v



3. Health & Safety and
Environmental Evaluation

Objectives

Solders
Activities Carried Out

Leaching tests)

S
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3. Health & Safety and

Environmental Evaluation

Industrial Measurements

Environmental Assessment of Processes - Analysis of
the environmental parameters and occupational
exposure in lead and lead free soldering — Quantitative
Analysis

Fume emissions Occupational Exposure Leaching
tes

‘ (B) E@f
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_ 3. Health & Safety and

Environmental Evaluation
Environmental Measurements

Detailed information on D3.4.1 report
Fume emission lab tests on D2.4.1 report



~_ 4. Training

Objectives

Activities Carried Out

Implementation

S



__ 4. Training

it

Training on Lead-free Soldering

to help the transition to lead-free soldering at SMEs

Conventional Training
5 PowerPoint

Presentations

S

E-training course
5 modules




_ 4. Training

!

LEAD-FREE ASSEMBLY COURSE

Module 1. Solder Paste Printing and Stencil Handling

Module 2. Reflow and Wave Soldering Temperature
Profiling

Module 3. Lead-Free Plating Finishes
Module 4. Hand Soldering and Rework

Module 5. Solder Joint Visual Inspection

S



__4. Training

It

e
Center for Pollution
Prevention Program

Conventional Training

‘EADOUT

Welcome to the LEADOUT Lead-Free
Assembly Training Course

Module 5
Solder Joints Visual Inspection

Introduction

Module 5§ - Solder Joints Visual Inspection

Intreduction
© Cepynght LEADOUT Cansortuen 2008

‘EADOU T Tips for Maximizing
Stencil Life

Tips for maximizing stencil life:
- Proper training & work instructions
- Good board support
- Back-etch relief for surface irregularities

1
:
i =
1
]
1
- Proper cleaning and drying after use i D = D
- Use of stencil wear indicators: 0 =
1
1
1
1

&
- Recess etched strokes - 1 mil | |
- On squeegee side L _;
- Outside print area, inside squeegee area Symmmmmm "~
| |
A\ v

Module 1 - Solder Paste Printing and Stencd Hendling .
Lesson 4 - Stencil Life and Care 19421

@ Copyright LEADDUT Conseium 2008

‘:ADQUT Placement methods and
process sequences
SMT pick-and-place head and machine

Contact & measure Rotate

>

Place on pads

®

Pick with vacuum pincers Release

Placement to optically recognized pad positions.
Polarity checking and simple measurements during placement,
Efficiency up to 40.000 SMD / hour.

Module 2 - Rieflow snd Wave Soldering Tempersture Profiing
1420
Lesson 2-Basic Placement Methods, Process Sequences
@ Cogyright LEADOUT Censortim 2008



4. Training

Center for Pollution
Prevention Program

E-Training

‘EADOUT

Lead-free lssonllllélllm

Module 1 - Solder paste printing and stencil handl:ng

Co . »
& EURCFEAN UNION - L ]

W o | .
e Eurupsan Socim Fus e g .

11 LEADONT Comsartivm 2006

I [Goiill Lead-iree Assembly Course

vt Resaands

Module outline

Walcome to LEADOUT Lead-Frea Assembly Course.

Module 1 - Solder paste printing and stancil handling.

Introduction

In this modula you can find the follswing topics:
Stencil manufacturing technalogies and terminolog
Stencll design guidelnes for surface mounted (S
Stenci design guidelines for ininisive reflow saldering

Case study - maasuring pri

Atthe and of this modube, you will be able to:

fiducials in order i
or setup ¢
Control the stencil print
Apply the prasci
Datarmina

o Usa the |

I‘“""’”" Lead-free Assembly Course Module 5 - Assessment activity of Lesson 1

Introduction

Comact § maasure

Lesson assassment

Placement to opiically recognized pad positions

Efficiency up to 40.000 SMD | hour,

@ Previous Page 06 of 11

SMT pick-and-place head and machine

Potarity chacking and simple measurements during placement.

your result.

Is this arrangement of resistors acceptable?

[ (0 @
a) Mo
b) Yes.
c) 1t depends an the peb asembly.
d) ' It depends on their value. @) &\_} @ db
@ Previous —— Next @

Question

Newt @

After reading this statement please select the correct answer. Afterwards, please select check button to see

310

Detailed information on D4.2.2 report



_4. Training

it

Both formats are available at LEADOUT website
free of charge; Make registration at

www.leadoutproject.com

S



—5. Process Benchmarking

Objectives

Programme)
Activities Carried Out

revcaenguosmnas
S
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___ 5. Project Benchmarking BN &=

it

PPM Results Monthly published at the Web site

PPM Lead-Free Results

PPM Lead Results Open Participation

T

M\\ 16000 [T~
}/):/ji\ 14000 D/‘/*K\\[Sm
I o | ISR i
o Wi T
—— . Ty
ring (o e W= o0, MR Y

L 2UOU
Flacement \\ m\\fﬂ]ﬂﬂ Placement\~ m WWOO
Reflow o \ _
Reflow G wo Reflow ‘- ‘ N 0
Wave\ Dt AL!QL!St UU'_...\\ —f’r’/}i

™ une July
J Wave - Nov 2005 to May 2007
12000+ 11293 1561
10215
10000 o107 | 8780
8000 R
6513
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Project General Conclusions

@ Therewereno major dificultiesin thetransition to the lead-

free soldering, in the SMEs production, except for the Wave
soldering process.

@ In terms of solders, only one solder with corrosion inhibitors
used for wave soldering presented mor e defects.

@ The defectsand anomalies found (voids and pad lifting) are
usually dueto process parameters, like poor pre-heating and
Inadeguate thermal profiling.

@ After thereliability tests, most of the boards have passed the
functionality tests, except for thethermal cycling ones. The
SM D performed better than the through-hole ones.

(s



Project General Conclusions

@ Thecrackson thethrough-holejoints are away from the
Interface, do not propagated too far in thejoint and follow an
Intergranular fracture mode. Thus, leading to a good
connection between solder and pad in thelead and lead-free

joints.

@ Most of the defects found can be mitigated and should not
compromise theintegrity and functionality of the products.

& |t can be concluded, for theindustrial boardstested in the

project, that the degradation on both types of solder is
similar and the lead-free boards performed equally or better

that the lead ones.

(s



Project General Conclusions

@ Environmental and Occupational health limits were
accomplished for lead and lead-free soldering.

& Filters and extraction systems should be carefully
selected based on solder paste used (e.g.Rosin based
fluxes; cored solder wires)

@ Reflow process - SAC solders have a higher
environmental impact over the life cycle in respect to
SnPbAg solders. This impact is closely associated to the
use of silver. The content of silver in SAC solders should
be limited to 3% in order to limit the environmental loss

@ect to SnPbAg solder.



Project General Conclusions

@ WAVE process - the impacts of Lead-free solder are
lower than the SnPb solders. Therefore, Lead-free
solders in Wave soldering process present very clear
benefits comparing to SnPb solders.

@ Environmental evaluation helped SME to implement
ISO 14001 at the pilot SMEs

¢ The project benchmarking programme revealed as an
Important tool to enhance the process quality control
and the quality of solder joints

S
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Outline

d Forthcoming related projects - ELECTROVALUE

S




Forthcoming Projects

2009 - 2012

“Electric and Electronic Eco-Assembly Alternatives for the
Valorisation of the End-of-Life Products in the Recycling

Market”



@ Aims at the recovery and reuse of added value
EE components less available in the market
from e-waste through the development and
Implementation of a disassembly centre place
at arecycling SME (Pilot company).

S
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Main Activities
@ Life Cycle Analysis

@ Waste management and EE components reuse
assessment /Reliability issues

@ Diassembly techniques, procedures & training
@ Management tool
@ Diassembly Pilot Centre

aDissemination activities

S



A Quality and Teéhnology Network

Thank you

Obrigada

Margarida Pinto
mmpinto@isq.pt




TEST STANDARDS

The main standards used for reliability testing and inspection are the
following:

Visual inspection: IPC-A-610-D Class 3
Low temperature storage: EN-60068-2-48, EN-60068-2-1, Section 2.
Test Ab.

High temperature storage: EN-60068-2-48, EN-60068-2-2, Section 2.
Test Bb.

Thermal Cycling: IPC 9701 Cats 1,2&3 Test condition 1, NTC level E.
Mechanical shock-drop: EN-60068-2-32 Part 2.1 Test Ed: Free fall.
Thermal Shock by rapid change of temperature- air/air: EN-60068-2-
14, Part 2. Test Na or Nb.

Component attachment strength: EN-60068-2-21 Test Ue3 Shear
Test, Test Method 8.5.3.2

)



